A once-daily dose of rivaroxaban 10 mg, an oral, direct Factor Xa inhibitor, was compared with enoxaparin 40 mg subcutaneously once daily for prevention of venous thromboembolism in three studies of patients undergoing elective hip and knee replacement (RECORD programme).
Orthopaedic surgery may be associated with serious post-operative complications, such as venous thromboembolism in the form of deep-vein thrombosis (DVT) and/or pulmonary embolism, which can be fatal. It is estimated that 40% to 60% of patients undergoing major orthopaedic surgery of the hip or knee who do not receive thromboprophylaxis will develop DVT, as detected by venography. 1 Up to one-third of these thrombi involve the proximal veins and are more likely to embolise than are distal venous thrombi, potentially resulting in a fatal pulmonary embolism. 1 Despite such a high rate of venous thromboembolism in patients undergoing orthopaedic surgery, surgeons rarely witness them because they are often asymptomatic. 2, 3 Furthermore, because the first sign of venous thromboembolism could be a fatal pulmonary embolism, its incidence is thought to be underestimated owing to a lack of routine post mortem examinations. 4 Low molecular weight heparins (LMWHs) are the standard of care for chemoprophylaxis of venous thromboembolism after major orthopaedic surgery in Europe. 1 However, only 67% of physicians outside the United States use LMWHs in accordance with evidence-based guidelines. 5, 6 Rivaroxaban (Xarelto; Bayer Schering Pharma AG, Wuppertal, Germany) is a novel, oral, direct Factor Xa (FXa) inhibitor, 7 which has been investigated as a 10 mg once-daily dosage in the RECORD programme (REgulation of Coagulation in major Orthopaedic surgery Reducing risk of DVT and pulmonary embolism). The RECORD programme comprised four phase III studies, three of which (RECORD1 to 3) compared rivaroxaban 10 mg once daily given post-operatively with enoxaparin 40 mg once daily initiated the evening before surgery, in an investigation including more than 9500 patients (Fig. 1) . The results of RECORD1, 2 and 3 have demonstrated the benefit of extended thromboprophylaxis after total hip replacement (THR; RECORD2), and showed that rivaroxaban 10 mg once daily was significantly more effective than current standard chemothromboprophylaxis in preventing venous thromboembolism following THR and total knee replacement (TKR), with similar rates of bleeding (RECORD1 and 3, respectively). [8] [9] [10] In this paper, we report the results of a pooled analysis of data from the three pivotal studies (RECORD1, 2 and 3), investigating whether rivaroxaban 10 mg was more effective than the once-daily regimen of enoxaparin 40 mg in reducing the incidence of the composite of symptomatic venous thromboembolism and all-cause mortality at two weeks (primary efficacy outcome) and at the end of the planned medication period (secondary efficacy outcome).
Patients and Methods
Patients aged 18 years or over scheduled to undergo a TKR or THR were eligible to be included in the study. Exclusion criteria were active bleeding, a high risk of bleeding contraindicating the use of LMWHs, any contraindication or condition precluding the use of enoxaparin or necessitating its dose adjustment, pregnancy or women who were breastfeeding. Other exclusion criteria included conditions prohibiting the use of bilateral venography; significant liver disease, such as acute clinical hepatitis, chronic active hepatatis and cirrhosis; severe renal impairment with a creatinine clearance of < 30 ml/min; concomitant use of human immunodeficiency virus (HIV) protease inhibitors or fibrinolytic agents; planned intermittent pneumatic compression; or a requirement for anticoagulant therapy that could not be stopped. Study design and medication. All the patients were randomised prior to surgery to receive a double-blind oral dose of rivaroxaban 10 mg once daily or a subcutaneous dose of enoxaparin sodium 40 mg once daily (Clexane/ Lovenox, Sanofi-Aventis, Frankfurt am Main, Germany). Enoxaparin was commenced 12 hours prior to surgery and then given six to eight hours following wound closure; rivaroxaban on the other hand was commenced six to eight hours following wound closure. Thereafter, study medications were administered every 24 hours in a double-dummy fashion: all patients received either placebo injections starting the evening prior to surgery or placebo tablets starting six to eight hours following wound closure.
The RECORD1 and RECORD2 studies were undertaken in patients undergoing THR. RECORD2 compared extended prophylaxis using rivaroxaban with short-term prophylaxis using enoxaparin; RECORD1 compared longterm prophylaxis using rivaroxaban and enoxaparin. RECORD3 compared rivaroxaban and enoxaparin for thromboprophylaxis following TKR.
The day of surgery was defined as day 1. Patients underwent mandatory bilateral venography the day after the last dose of the study drug, at 36 ± 6 days in RECORD1 and 2, and at 13 ± 2 days in RECORD3. No further study medication was given after venography, although further thromboprophylaxis was continued at the investigator's discretion. Patients had a follow-up visit 30 to 35 days after the last dose of the study drug.
The studies were conducted in accordance with the International Conference on Harmonisation and Good Clinical Practice, 11 and in the spirit of the Declaration of Helsinki 12 and local regulations. Protocols were approved by the local ethics committee or institutional review board of each centre, and written, informed consent was obtained from all the patients before randomisation. All outcomes were assessed by the same central, independent adjudication committees blinded to the allocation of the study medication. Deep-vein thrombosis was assessed on day 30 to 42 in RECORD1 and 2, and on day 13 ± 2 in RECORD3, or earlier if symptomatic, by ascending bilateral venography using the Rabinov and Paulin technique. 13 All suspected DVTs had to be confirmed by venography (positive ultrasound had to be confirmed). In cases of suspected pulmonary embolism, pulmonary angiography, perfusion/ventilation lung scintigraphy with chest radiography or spiral CT were performed. If the patient died, all relevant documentation was collected, including autopsy reports if available.
The pre-specified primary efficacy outcome of this pooled analysis was the composite of symptomatic venous thromboembolism (i.e., symptomatic DVT and symptomatic non-fatal pulmonary embolism) and all-cause mortality up to two weeks, which included the enoxaparincontrolled period across all three studies, to allow for an Chart showing the definition of outcomes in the pooled analysis of data from the RECORD1, 2 and 3 studies.
unbiased comparison with enoxaparin ( Fig. 1) . The secondary exploratory efficacy outcome was the same combination of events until the end of the planned medication period, which was five weeks (up to day 42) in RECORD1 and RECORD2, and included the placebo-controlled period in RECORD2, and two weeks (up to day 17) in RECORD3 (Fig. 1) .
The main safety outcomes were the incidence of major bleeding events up to two weeks post-operatively, again representing the enoxaparin-controlled period across all three studies, and until the end of the planned medication period. Major bleeding was defined as bleeding that was fatal, into a critical site such as the retroperitoneal space, intracranially, intraocularly, or intraspinally, required re-operation, or clinically overt extra-surgical site bleeding associated with a fall in haemoglobin of ≥ 2 g/dl or requiring infusion of 2 or more units of whole blood or packed cells. Other safety outcomes included any on-treatment bleeding up to two days after the last intake of study medication, excessive wound haematoma, surgical-site bleeding, adverse event, and all-cause mortality over the entire study period comprising the planned medication period plus 30-day follow-up.
Laboratory variables including liver function tests were monitored during the studies and at follow-up. Statistical analysis and appropriateness of data pooling. The appropriateness of pooling the efficacy data across the three studies was determined by testing the homogeneity of the study odds ratios using the modified Breslow-Day test. The primary efficacy and safety outcome analyses were pre-specified before the results of the first RECORD study were unblinded. Pre-specification included events that occurred up to two weeks post-operatively in the extended prophylaxis studies RECORD1 and 2. For RECORD2, analyses up to two weeks considered events that occurred until two days after the last enoxaparin injection/matching placebo injection. For RECORD1, analyses up to two weeks considered bleeding events only up to day 16; all other timings for counting events were analogous to RECORD3. On-treatment adverse events, including bleeding, were defined as occurring after the first dose of study medication and no more than two days after the last dose was administered.
All outcomes were analysed in all patients who had received at least one dose of study medication, including placebo injection (i.e. the safety population), because symptomatic events were detected continuously throughout the studies and were not dependent on adequate venography. The primary efficacy outcome of each individual study was a combination of events, including asymptomatic DVT detected by venography.
Although the primary efficacy and main safety analyses were pre-specified, no α-adjustments were made for the multiplicity of outcomes and comparisons (nominal p-values). Two-sided 95% confidence intervals (CI) were used to quantify the random error associated with the data.
Comparisons of efficacy outcomes between the two groups were based on odds ratios (OR). Exact methods for a studystratified pooled estimate were obtained with a series of three 2 × 2 tables and two-sided 95% CIs were applied. The twosided pooled p-values correspond to the exact 95% CI.
All safety data were analysed descriptively with twosided p-values based on Fisher's exact test for single 2 × 2 tables. Statistical significance was set at a p-value < 0.05.
Results
A total of 9581 patients were randomised across 487 centres in 38 countries between February 2006 and June 2007. Similar numbers of patients were randomised to receive rivaroxaban (n = 4772) and enoxaparin (n = 4809), and a similar number were excluded from the safety population because they did not receive any study medication (115 and 117 in the rivaroxaban and enoxaparin groups, respectively). Therefore, the safety population, which was used for all analyses, comprised a total of 9349 patients, of whom 4657 were in the rivaroxaban group and 4692 in the enoxaparin group. The two groups were well balanced in terms of baseline and surgical characteristics (Table I) .
Similar numbers of patients withdrew prematurely from the studies in each group (rivaroxaban: 518 (10.9%); enoxaparin: 584 (12.1%) for various reasons, which included consent withdrawn (rivaroxaban: 240 (5.0%), enoxaparin: 226 (4.7%); protocol violation (rivaroxaban: 56 (1.2%), enoxaparin: 70 (1.5%); non-compliance with study medication (rivaroxaban: 31 (0.6%), enoxaparin: 28 (0.6%), adverse events (rivaroxaban: 162 (3.4%), enoxaparin: 188 (3.9%); and lost to follow-up (rivaroxaban: 5 (0.1%); enoxaparin: 14 (0.3%). Efficacy outcomes. Rivaroxaban significantly reduced the incidence of the pre-specified primary outcome (the composite of symptomatic venous thromboembolism and all-cause mortality at two weeks) compared with enoxaparin (0.4% and 0.8%, respectively, OR 0.44, 95% CI 0.23 to 0.79; p = 0.005; Table II ). The rivaroxaban regimen also reduced the incidence of the secondary exploratory efficacy outcome (the composite of symptomatic venous thromboembolism and all-cause mortality at the end of the planned medication period) more effectively than the enoxaparin regimen (0.5% and 1.3% respectively, OR 0.38, 95% CI 0.22 to 0.62; p < 0.001). A review of the occurrence of the composite of Table II . Incidence of the composite of symptomatic venous thromboembolism (VTE) and all-cause mortality up to two weeks (prespecified primary outcome of pooled analysis) and during the planned medication period (secondary outcome of pooled analysis) in patients receiving rivaroxaban 10 mg once daily and enoxaparin 40 mg in the RECORD1, 2 and 3 studies * (safety population, n = 9349) symptomatic venous thromboembolism and all-cause mortality over time (Fig. 2) shows an early and sustained separation of the curves in favour of rivaroxaban, with the curves continuing to separate over time during the treatment phase, and treatment differences persisting at the end of the study. Exploratory analysis showed a reduction in the incidence of the composite of all-cause mortality and pulmonary embolism with the rivaroxaban regimens compared with the enoxaparin regimens during the entire study period (0.3% and 0.7%, respectively, OR 0.52, 95% CI 0.26 to 0.98: p = 0.042). The results for the individual components, pulmonary embolism and all-cause mortality, showed a similar pattern, with both components contributing to the overall effect. Safety outcomes. The incidence of major bleeding events was similar between the rivaroxaban and enoxaparin regimens, irrespective of the duration of treatment (Table III) .
There were a total of five bleeding events into a critical organ until the end of the planned medication period (rivaroxaban: two (< 0.1%), enoxaparin: three (0.1%)). In the rivaroxaban group, one event was adjudicated as a haemorrhagic puncture related to spinal anaesthesia, but this occurred after the injection of placebo the evening before surgery and prior to the first intake of rivaroxaban. This patient experienced no neurological signs or symptoms of compression. The other event was in a patient with Gaucher's disease and a history of intraocular bleeding who experienced another episode of intraocular bleeding. All three events in the enoxaparin group were adjudicated as intraspinal bleeding/haemorrhagic puncture: two episodes of spinal bleeding (one was an extradural haematoma leading to prolonged hospitalisation and permanent drug discontinuation, but with eventual resolution of the symptoms; the other was a spinal catheter-related complication involving major bleeding leading to drug discontinuation, although the drug was restarted after the bleeding had resolved) and one haemorrhagic puncture related to spinal anaesthesia (classified as clinically overt bleeding) which led to drug discontinuation.
There was a similar incidence of the other bleeding events that comprised the major bleeding category, between the two groups: events leading to re-operation (rivaroxaban: six (0.1%), enoxaparin: five (0.1%); clinically overt extra-surgical site bleedings associated with either a ≥ 2 g/dl reduction in haemoglobin or transfusion of 2 or more units of whole blood or packed cells (rivaroxaban: four (0.1%), enoxaparin: one (< 0.1%)). One fatal bleeding event occurred during surgery in a patient randomised to receive rivaroxaban, who had received a placebo injection the evening before surgery but had not received any rivaroxaban at the time of complication. Although the patient had not received rivaroxaban, this event was classified as an ontreatment event, in accordance with the study protocol.
The incidences of adjudicated haemorrhagic wound complications, a composite of excessive wound haematoma and reported surgical-site bleeding, and wound infections were also similar between the two groups up to two weeks and at the end of the planned medication period (Table III) .
The incidence of adverse events was also similar between the two regimens; the differences between the groups did not exceed 1% (Medical Dictionary for Regulatory Activities 14 preferred level at term), except for investigatorreported DVT, which was lower with the rivaroxaban regimen (up to two weeks: 2.7% vs 4.4% and end of planned medication period: 4.2% vs 7.7%). There was no evidence of compromised liver function attributable to rivaroxaban.
Discussion
The RECORD1, 2 and 3 studies compared rivaroxaban and enoxaparin for venous thromboembolism prevention after major orthopaedic surgery in 9581 patients. This pooled analysis of data from these studies demonstrates that rivaroxaban 10 mg is superior to enoxaparin 40 mg for the reduction of the composite of symptomatic venous thromboembolism and all-cause mortality at two weeks. This reduction, which occurred during the early enoxaparincontrolled two-week period (p = 0.005), was sustained with the rivaroxaban regimen over the entire medication period (p < 0.001). This is the first study to show such a comprehensive clinical benefit with a new oral anticoagulant involving a large number of patients.
We recognise that these studies are heterogeneous in terms of treatment duration. Therefore, the primary efficacy outcome was analysed at up to two weeks postoperatively, i.e., during the enoxaparin-controlled period, Kaplan-Meier survival curve showing cumulative incidence of symptomatic venous thromboembolism and all-cause mortality over the total study duration in patients (valid for safety population) receiving the rivaroxaban regimen and the enoxaparin regimen in the RECORD1-3 studies. In RECORD1, patients received long-term thromboprophylaxis (five weeks) with rivaroxaban 10 mg once daily or enoxaparin 40 mg once daily; in RECORD2, patients received rivaroxaban 10 mg once daily for five weeks or enoxaparin 40 mg once daily for two weeks followed by placebo and in RECORD3, patients received rivaroxaban 10 mg once daily or enoxaparin 40 mg once daily for two weeks. All symptomatic venous thromboembolism events and deaths reported in the studies. * data are number (%) of patients, except where indicated (patients may have had more than one event, or an event that falls into one or more categories) † Fisher's exact two-sided p-value ‡ composite of excessive wound haematoma and reported surgical-site bleeding § on-treatment adverse events that occurred up to two days after the last dose of study medication ¶ there was an additional death in the rivaroxaban group in a patient who did not receive any blinded study medication and did not undergo surgery (killed in a road traffic accident), and was therefore not included in the safety population across all three studies, which removes any possible effects of the different durations of rivaroxaban and enoxaparin and allows appropriate assessment of rivaroxaban versus the active comparator. Furthermore, we included a statistical assessment of homogeneity of the study-specific odds ratio estimates, which did not reveal evidence of heterogeneity, suggesting that it is appropriate to pool these data. The secondary exploratory efficacy outcome consisted of the same combination of events as the primary efficacy outcome, i.e., the composite of symptomatic venous thromboembolism and all-cause mortality, but in this instance until the end of the planned medication period. Venous thromboembolic events can occur after the second post-operative week, so this secondary exploratory efficacy outcome analysis was necessary, even though it was conducted in patients receiving prophylaxis for different durations. For the RECORD1 and 2 studies, which were conducted in patients undergoing elective THR, the study period for this secondary efficacy outcome was five weeks (up to day 42), which was the end of the planned medication period. This is particularly appropriate, as recent findings from the Global Orthopaedic Registry show that the mean time to venous thromboembolism is 21.5 days (SD 22.5) for THR. 15 For the RECORD3 study, which was conducted in patients undergoing elective TKR, the study period for the secondary efficacy outcome was two weeks (up to day 17). Again, this duration is appropriate, as the recent findings from the Global Orthopaedic Registry show that the mean time to venous thromboembolism is 9.7 days (SD 14.1). The Kaplan-Meier estimates of the occurrence of the composite of symptomatic venous thromboembolism and all-cause mortality over the total study duration (Fig. 2) show an early and sustained separation of the curves in favour of rivaroxaban, with the curves continuing to separate over time during the treatment phase and treatment differences persisting at the end of the study (including the 30 to 35 days of follow-up).
Finally, safety outcomes were measured both in the two-week period to have the most homogeneous group, and up to two days after the last intake of study medication (on-treatment). The incidence of major bleeding was similar with both rivaroxaban and enoxaparin regimens up to two weeks (0.2% for both) and with both rivaroxaban and enoxaparin regimens at the end of the medication period (0.3% for rivaroxaban and 0.2% for enoxaparin).
The same definition of major bleeding used across the three RECORD studies analysed here excluded woundrelated bleeding events, unless they led to a re-operation. An important difference between the RECORD programme and other contemporary studies on VTE prevention has been that surgical-site bleeding events were not included as part of clinically major bleeding. When different definitions of safety are used, it is difficult to compare safety findings between the RECORD programme and phase III studies performed on other drugs. However, when a pre-defined algorithm taking into account the clinically overt surgical-site bleeding events resulting in a fall in haemoglobin of ≥ 2 g/dl and the transfusion of two or more units of blood or packed cells was applied, the resulting major bleeding event rates remained similar between both the study groups. At day 12, when the surgical-site bleeding events that meet the haemoglobin and transfusion criteria were included, 81 (1.7%) of rivaroxaban patients and 68 (1.4%) of enoxaparin patients experienced a major bleeding event based on these surrogate criteria. Comparing rivaroxaban and enoxaparin, it can be said that, irrespective of the outcomes used, the rate of bleeding events was similar between the groups.
Of the major bleeding events occurring into a critical organ until the end of the planned medication period, four out of five were adjudicated as intraspinal bleeding/haemorrhagic puncture. It is recognised that spinal/epidural (neuraxial) anaesthesia or spinal/epidural puncture, when used in patients treated with antithrombotic agents for the prevention of thromboembolic complications increase the risk for developing a spinal/epidural haematoma, 16 which can result in long-term or permanent neurological impairment. In order to minimise a potential risk of bleeding, epidural catheter placement and removal should preferably be undertaken when the anticoagulant effect of the drug is low. 17 An epidural catheter should not be removed earlier than 18 hours after the last administration of rivaroxaban, and the next dose should be administered no earlier than six hours after the removal of the catheter. 18 Further, if traumatic puncture occurs, the administration of rivaroxaban should be delayed for 24 hours. 18 Patients should be frequently monitored for signs and symptoms of neurological impairment. If neurological compromise is noted, urgent diagnosis (i.e. MRI) and treatment is necessary (spinal decompression).
Haemorrhagic wound complications which did not qualify as major bleeding events in these studies unless they led to re-operation, were included in the assessment of nonmajor bleeding and were similar between the two groups at either two weeks (rivaroxaban 1.6%; enoxaparin 1.7 %) or the end of the planned medication period (rivaroxaban 1.7%; enoxaparin 1.8%). Likewise, the incidence of wound infections was similar across the two groups (two weeks: 1.1% and 1.0%; end of planned medication period: 1.7% and 1.6%, respectively).
The incidence of cardiovascular events (cardiovascular death, ischaemic stroke and myocardial infarction) during the entire study period was similar with both regimens (both 0.5%), and there was no imbalance in the number of adjudicated, non-fatal or fatal cardiovascular events between the groups (Table III) .
Post-operative vomiting can be caused by different factors, such as the use of certain anaesthetics, stress, trauma from surgery, or the peri-operative use of analgesics such as opioids. 19 As rivaroxaban has a fast onset of action, with time to peak reached within 2.5 to four hours after administration, it might already have been absorbed prior to the onset of any vomiting.
Finally, it is important to consider whether the superior efficacy demonstrated by rivaroxaban in reducing symptomatic venous thromboembolism and all-cause mortality up to two weeks was maintained throughout the study and the follow-up period. The reduction of all-cause mortality and pulmonary embolism at the end of the entire study period with the rivaroxaban regimen followed a similar pattern as the primary outcome.
A meta-analysis comparing LMWHs and vitamin K antagonists failed to demonstrate the superiority of LMWHs in terms of reduction of symptomatic venous thromboembolism and death. 20 In a meta-analysis of four pivotal fondaparinux trials including 7344 patients, it was shown that symptomatic venous thromboembolism plus death occurred in 1% of patients, with no difference between fondaparinux and enoxaparin in clinical outcome. 21 Furthermore, evidence-based guidelines recommend against the use of acetylsalicyclic acid for venous thromboembolism prevention, because its use only reduces the risk of DVT by 26% and 13% against 70% and 52% for LMWHs, in THR and TKR, respectively. 1 There was one fatal bleeding event in a patient randomised to receive rivaroxaban, which happened during surgery and before the patient received the first dose of rivaroxaban. The rivaroxaban regimen was associated with fewer deaths from all causes as compared with the enoxaparin regimen (Table III) , and with a lower incidence of non-fatal pulmonary embolism or death (16 vs 31, respectively) over the entire study period.
Although there is no specific antidote to reverse the effects of rivaroxaban, preclinical studies suggest that recombinant activated Factor VIIa (rFVIIa) or Factor VIII inhibitor bypass activity (FEIBA) may reverse the effects of high-dose rivaroxaban. [22] [23] [24] If stategies such as delaying the next dose of rivaroxaban or discontinuation, mechanical compression, surgical intervention, and blood product transfusion fail to control bleeding, administration of rFVIIa or FEIBA may be considered, but there is currently no clinical experience of this strategy with rivaroxoban.
There are known limitations associated with the use of enoxaparin, such as the inconvenience of subcutaneous administration after the patient is discharged. In patients who underwent THR and TKR only 77% and 75%, respectively who received LMWH in hospital continued to receive it after discharge. 6 However, the most recent American College of Chest Physicians guidelines recommend the use of extended prophylaxis (up to 35 days) following both THR and TKR. 5 Therefore, an oral anticoagulant such as rivaroxaban, with superior efficacy and similar safety to enoxaparin 40 mg, would be useful in reducing the risk of venous thromboembolism following elective hip and knee replacements.
Symptomatic venous thromboembolic events are costly 25 and have a negative effect on the function and mobility of patients. Therefore, the results of this pooled analysis have important economic implications, as they show that the use of rivaroxaban is associated with significant reductions in the incidence of such symptomatic events (0.4% and 0.8%, respectively, OR 0.44, 95% CI 0.23 to 0.79; p = 0.005). As a result, preventing symptomatic venous thromboembolism should be associated with real reductions in non-drug costs. Additional savings could also be achieved through further reductions in recurrent symptomatic events and in related long-term events such as post-thrombotic syndrome and chronic thromboembolic pulmonary hypertension. This means that fewer health-care resources may be required.
The savings achieved will depend on the health-care system of the different countries in which rivaroxaban will be prescribed. An economic model has been developed to assess the impact of the superior efficacy of rivaroxaban on health-care costs across a range of European countries. One such analysis, conducted from the Italian Healthcare Service perspective, used data from the RECORD1, 2 and 3 studies and included the impact of difference in symptomatic venous thromboembolism and related long-term complications. 26 This study showed that rivaroxaban might reduce venous thromboembolism substantially, and could potentially generate important non-drug cost savings in this population. 26 In conclusion, this pooled analysis shows that the efficacy of rivaroxaban 10 mg once daily, commenced six to eight hours following surgery, is superior to that of enoxaparin 40 mg once daily commenced the evening prior to surgery, without an increase in the risk of major bleeding, in patients undergoing elective hip and knee replacement surgery. Furthermore, this improved efficacy was also observed during treatment and the entire follow-up periods.
